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STUDIES ON SULFHYDRYL GROUPS IN SERA OF
NORMAL HUMANS*
CAPT. RAYMOND W. GOLDBLTJM, MC, LT. COL. WILLIAM N. PIPER, MC
AND CARL J. OLSEN, M.S.
This investigation was undertaken to determine the freely available sulfhydryl
(S—H) content of normal human sera, the conditions for collection of the blood
samples and the effect of S—H group reactants on sera. These group reactants
are frequently used as dermatologic therapeutic agents. Arsenic is one of the
drugs which is used systemically and which is thought to be a S—H group
reactant. X-radiation and ultraviolet light as used in dermatologic therapy may
also act by oxidizing S—H groups in the skin. In most instances, these agents
may convert S—H groups to S—S linkages by oxidation according to the follow-
ing equation:
2R—S—H + (0) -* R—S—S—R +11011
Serum was used to evaluate the S—H groups, because some of these agents are
used parenterally. It was also our impression prior to these studies, that the
action on serum S—H groups may parallel the effect on skin S—H groups.
This study described the effects of eating, freezing and thawing, hemolysis,
x-radiation, ultraviolet radiation and arsenic on the S—H groups in serum.
METHODS
A. Preparation of Serum. A 10 milliliter sample of blood from fasting patients was col-
lected by puncturing the vein with a size 18 needle and allowing 10 milliliters of blood
to drip into a chemically clean test tube. After allowing the blood to clot for one hour, at
room temperature, the clots were rimmed and centrifuged for 15 minutes at 5000 r.p.m.
The serum was poured into chemically clean test tubes and centrifuged again for five
minutes at 5000 r.p.m. This procedure yielded approximately 5 milliliters of nonhemo-
lyzed serum.
One milliliter of serum was then titrated by the amperometric method of Kolthoff and
Harris (1), which was modified for the determination of protein-bound S—H by Benesch
and Benesch (2) and Weissmann, Schoenbach and Armistead (3). All sera were deter-
mined in triplicate with 0.001 N AgNo,. The reaction equation is:
Ag + RSH - RSAg + H
or Ag (NH,)2 + RSH - RSAg + NH4 + NH
(RSH denotes protein sulfhydryl)
All of the normal serum samples and the experimental serum samples were treated in the
above manner.
B. Experimental. 1. Effect of Eating—Blood samples were collected 3 hour before eat-
ing and 1 hour after eating breakfast. The sera were titrated to determine the effects of
eating on the serum S—H concentration.
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2. Effect of Freezing and Thawing—Fasting serum samples were subjected to slow freez-
jng* and slow thawing one to three times to determine the effects on S—H concentration.
The sera were also stored in a deep freeze at _200 C. for a period of thirty days and then
thawed before titration. This experiment was performed to determine whether we could
store sera before titration.
3. Effect of Heat—Serum samples were heated for one hour at 38° C. and 55° C. The
samples were then titrated for S—H concentration.
4. Effect of Hemolysis—To evaluate the effect of hemolysis on S—H concentrations in
sera, the clotted blood was stirred vigorously for five minutes with a glass rod and then
centrifuged as above.
5. Effect of X-radiation—Serum samples were irradiated with 500 to 3000 roentgens of
x-ray with the following factors: 100 KV—5 and 10 MA—b inches for target-to-serum
distance—120 to 240 roentgens/minute in air. For a control, samples were exposed to air
in petri dishes for 10 and 20 minutes to determine the amount of oxidation of S—H groups
when exposed to air.
6. Effect of Ultraviolet Radiation—Serum samples were exposed to ultraviolet irradiaton
by a Hanovia (Model S-No. S-2005 A.C.) high pressure, mercury vapor lamp for 15 min-
utes at 30 inches and the S—H groups were then titrated. The sera were poured into petri
dishes and exposed for 15 minutes.
7. Effect of Arsenic—Fowler's solution (potassium arsenite—50 micromoles of arsenic
per 5 milliliters of serum) was added to serum samples and allowed to stand for one hour
before titration.
RESULTS AND DISCUSSION
The results of the S—H determinations using the amperometric titration of
Koithoff and Harris (1) on normal human sera are shown in Table I. The mean
of 55.2 micromoles of S—H per 100 milliliters of serum is slightly higher than the
mean of Schoenbach et al. (3) which was 53.9 micromoles per 100 milliliters of
serum. Our determinations were performed largely on male patients ranging in
age from 18 to 40 years which is the same age group that Schoenbach (1) used
for his samples of sera. We obtained only two serum samples from female pa-
tients and these S—H concentrations were in the same range as the male con-
centrations:
1. When samples were drawn one hour after eating breakfast, the mean
S—H concentration increased approximately 10 per cent (Table II) as compared
to a control group of sera from the same patients collected before breakfast. This
indicates that only fasting specimens should be used for S—H determinations.
2. Five serum samples were frozen in a deep freeze at —20° 0. for four days
and then thawed over a period of one hour. The S—H groups decreased one to six
per cent (Tables III and IV) in concentration. Five other serum samples which
were slowly frozen and thawed consecutively three times decreased 8 to 16 per
cent in S—H concentration. This indicated that oxidation occurred during the
thawing stage. Also, two sera which were kept frozen for thirty days at —20° C.
and then thawed over a period of one hour decreased (Table IV) approximately
20 per cent. This indicated oxidation of the S—H groups during the frozen stage.
This may have been due to trace amounts of metals which are known to catalyze
the oxidation of S—H groups to S—S groups.
* The time that elapsed in slow freezing and slow thawing was to one hour for each
step.
SULFHYDRYL GROUPS IN SERA 375
TABLE I
Sulfhydryl content of normal human sera
SUBJECT AGE SEX
MICROMOLES S—H
PER 100
SERUM
PRECISION FOR
3 TITRATIONS
DEVIATION
PROM MEAN
1 — M 50.9 1.4% 4.3
2 21 M 58.0 1.0% 2.8
3 20 M 52.4 0.6% 2.8
4 23 F 53.9 1.9% 1.3
5 — M 58.5 0.5% 3.3
6 — M 56.9 1.4% 1.7
7 32 F 52.8 0.6% 2.4
8 23 M 55.4 1.3% 0.2
9 29 M 53.4 0.5% 1.8
10 — M 52.9 1.6% 2.3
11 28 M 55.4 0.3% 0.2
12 29 M 55.6 0.3% 0,4
13 22 M 51.8 0.3% 3.4
14 35 M 50.5 0.6% 4.7
15 22 M 58.4 0.3% 3.2
16 23 M 58.6 1.5% 3.4
17 25 M 58.6 0.7% 3.4
18 20 M 58.0 0.8% 2.8
19 23 M 58.6 0.1% 3.4
20 32 M 51.7 0.6% 3.5
21 24 M 58.0 0.1% 2.8
Mean 55.2 0.8% 2.57
3. Heating the serum samples for one hour at 38° C. (Table V), decreased the
S—H concentration approximately 2 to 3 per cent. At 550 C. the decrease was
approximately 11 to 14 per cent. The heat increased the rate of oxidation of
S—H groups to S—S groups.
4. With hemolysis of the clotted blood, the S—H concentrations of the serum
increased 2 to 6 per cent (Table VI) which may partially be due to the release of
glutathione from the red blood cells. These results are not in agreement with
Schoenbach et al. who found no increase in S—H content of sera after hemolysis
of red cells. Ingbar and Kass (4) found two moles of S—H per mole of normal
hemoglobin, which would account for the increases that were found in our de-
terminations after hemolysis.
TABLE II
Effect of eating on serum S—H groups
SUBJECT AGE AGE SERUM PASTING
SERUM 1 ER.
POST PRANDIAL
PRECISION FOR
3 TITRATIONS
PER CENT
INCREASE
9
11
13
14
29
28
22
35
M
M
M
M
52.8 2.0
59.8 0.3
51.8 0.3
50.5 0.6
56.1
63.4
52.3
51.1
0.2
0.6
0.6
0.9
6.2
6.0
1.4
1.2
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TABLE III
Effect of freezing and thawing three times on serum S—H groups
SUBJECT AGE SEX
MICROMOLES S—H PEE
100 Ml. SERUM
BEFORE F & T
MICROMOLES
S—H PER 100
ML. SEEIJM
AFTER P & T
PRECISION
FOE 3 TITRA-
TIONS
PER CENT
INCREASE
8
12
27
28
26
23
29
—
—
—
M
M
M
M
M
55.3 1.3
54.4 1.5
49.7 1.4
51.3 1.4
55.6 0.6
47.4
47.9
41.7
47.4
48.4
0.6
1.5
2.4
1.5
0.4
14.3
11.9
16.3
7.6
12.9
TABLE IV
Effect of storage in deep freeze on serum S—H groups
SUBJECT AGE SEX
MICROMOLES
S—Hf 100 Ml.
SERUX BEFORE
STORAGE
MIcROMOLES
S—H/100
Ml. SERUM
APTFR STOR-
AGE
PRECISION
POE 3
TRATIONS
PER CENT
DECREASE
DAYS OP
STORAGE
3
5
15
19
21
30
31 —
20
—
22
23
24
—
—
M
M
M
M
M
F
M
52.4 0.6
58.5 0.2
58.4 0.3
58.6 0.1
58.0 0.1
60.1 0.9
56.0 0.6
50.0
56.5
58.2
55.2
55.4
48.3
43.5
0.1
0.2
0.3
0.1
0.6
0.3
0.5
4.6
3.5
0.3
6.1
4.3
19.6
22.1
4
4
4
4
4
30
30
TABLE V
Effect of heat on sulfhydryl content of human sera
SUBJECT AGE SEX
KICEOMOLES S—H PER
100 ML SERUM
BEFORE BEATING
M!CROMOLES
S—H PER 100
ML. SERUM
AFTER HEATING
PRECISION
FOR 3
TITRATIONS
PER CENT
DECREASE
9*
12*
22t
29t
29
29
27
28
M
M
M
M
53.4 0.5
56.8 0.3
61.2 0.2
55.9 0.2
52.0
54.8
52.1
49.6
1.5
0.3
0.6
1.7
2.6
3.5
14.8
11.3
* Warmed 1 hour at 38°.
t Warmed 1 hour at 55°.
5. Serum samples that were exposed for 7.5 minutes to ultraviolet light at 30
inches with a Hanovia high pressure, mercury vapor lamp, had an increase of 2
to 5 per cent (Table VIII) in the S—H concentration. When exposed for 15
minutes, the increase was 20 to 30 per cent (Table VIII). Increase of S—H con-
centration after exposure of skin to ultraviolet light was reported in 1939 by
Wels (5). Schocken (6) recently reported a shift from S—Sto S—H after exposure
of a solution of cystine and cysteine to ultraviolet light. Wels (5) speculated that
ultraviolet light split the S——S linkages.
6. When potassium arsenite (50 micromoles per milliliter) was added to one
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Effect of hemolysis on sulfhydryl content of human sera
SUBJECT AGE SEX
sncRooLs S—H PER
100 ML. SERUM
BEPORE HEMOLYSIS
MICROMOLES
5—H PEE 100
ML. SERUM
APTER HEMOL-
YSIS
PRECISIONOi 3 TITRA
TIONS
PER CENT
INCREASE
23
25
26
27
23
24
27
28
M
M
M
M
54.7 0.4
56.2 0.5
58.3 0.8
51.2 1.5
56.2
59.5
60.6
53.4
0.4
0.5
1.0
0.3
2.6
5.0
3.9
4.3
TABLE VII
Effect of arsenic on S—H groups
SUBJECT AGE SEX
MICROMOLES
S-H PER 100
ML. SERUM
MICROMOLES
ARSENIC PER
S ML. SERUM
MICROMOLES
S-H PER 100
ML. SERUM
ARTER ARSENIC
PER CENT OP
DECREASE
1
2
3
4
27
23
29
23
M
M
M
M
56.8
59.2
56.1
58.4
50
50
50
50
53.4
54.4
51
51.8
5.9
8.1
8.1
11.3
TABLE VIII
Effect of uitraviotet tight on serum S—H groups
SUBJECT
1
2
3
4
5
6
9
AGE
23
23
27
23
23
23
42
23
40
SEX
M
M
M
M
M
M
M
M
M
MICROMOLES
S-H PER 100
ML. SERUM
63
58.4
59.4
59.4
60.9
61.3
59.3
61.6
54.1
MICROMOLES
S-H PER 100
ML. SERUM
APTER ULTRA-
VIOLET
65.6
60.9
72.7
70.8
79.9
78.1
77
76.8
71.9
ULTRAVIOLET
EXPOSURE
TIME (MINUTES)
7.5
7.5
15
15
15
15
15
15
15
PER CENT S-H
INCREASE
5.1
2.1
22.4
19.3
31.2
27.4
29.9
24.7
32.9
milliliter of serum and incubated at room temperature for one hour, the S—H
groups decreased 6 to 11 per cent (Table VII). The dose ordinarily presented for
human adults is 3 to 5 drops, three times daily, which is 1/1000 the concentra-
tion that was added to our serum samples.
7. When the sera were exposed to x-radiation, the maximum oxidation of
S—H groups to S—S groups occurred at 2000 roentgens. There was a 2.5 per
cent (Table IX) decrease with 500 roentgens and 2.5 to 5 per cent decrease with
1000 roentgens. Using 100 KV and 10 MA instead of 100 KY and 5 MA, did not
change the per cent of decrease in the S—H groups.
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TABLE IX
Effect of x-ray on serum S—H groups
SUBJECT AGE SEX
MICROMOLES
S—H PER 100
3U.. SERUM
BEFORE X-
RAY
MICROMOLES
S—H PER 100
ML. SERUM
AFTER X-RAY
PEE CENT
OP
DECREASE
DOSE
(ROENTOENS) FACTORS MV & MA
1
2
3
4
5
6
7
8
9
10
11
27
23
60
23
29
29
27
23
27
23
23
M
M
M
M
M
M
M
M
M
M
M
59.9
53.6
35.3
53.6
58.2
57.1
59.1
55.3
59.1
55.3
60.7
55.2
51.3
33.4
50.2
56.8
55.4
59.1
54.0
57.6
53.4
59.3
7.8
4.3
5.4
6.3
2.4
2.9
0
1.3
2.5
3.4
2.3
500
500
1000
1000
0000
2000
500
500
1000
1000
3000
100 KY, 5 MA
100 Ky, 5 MA
100 KY, 5 MA
100 KV,5MA
100 KY, 5 MA
100 KY,5MA
100 KY, 10 MA
100 KY, 10 MA
100 KY, 10 MA
100 KY, 10 MA
100 KY, 10 MA
CONCLUSIONS
In collecting samples for the amperometric titration of S—H groups in serum,
they should be fasting specimens, since blood collected within one hour after
eating will have increased S—H groups. The samples should not be frozen and
thawed, nor should they be stored at 200 C. for any period of time, because the
concentration of S—H groups in the serum will be decreased. Heating the serum
samples at temperatures from 38° to 55° C. for one hour will decrease the S—H
activity. Hemolysis will increase the S—H concentration. X-radiation of serum
samples slightly decreased the S—H activity. Ultraviolet light exposure of serum
samples increased the S—H content. Arsenic decreased the S—H concentration.
These factors may influence the S—H content of skin when they are used as
therapeutic agents in skin diseases. These effects are now being evaluated in our
laboratory.
SUMMARY
The S—H concentration of normal human sera was determined. The effects
of freezing, thawing, heating, hemolysis and eating were measured. The effects of
S—H group reactants which are used as dermatologic therapeutic agents were
studied.
REFERENCES
1. KOLTHOFF, I. M. AND HARRIS, W. E.: Amperometric titration of mercaptans with silver
nitrate, md. and Eng. Chem., Anal. Ed., 18: 161, 1946.
2. BENESCH, R. AND BENESCH, R. E.: Amperometric titration of sulfhydryl groups in
amino acids and proteins, Arch. Biochem., 19: 35, 1948 and 28: 43, 1950.
3. WEISSMAN, N., SCHOENBACH, E. B. AND ARMISTEAD, E. B.: The determination of suif-
hydryl groups in serum, J. Biol. Chem., 187: 153, 1950.
4. INGBAR, S. H. AND KASS, E. H.: Sulfhydryl content of normal hemoglobin and hemo-
globin in sickle cell anemia, Soc. Exper. Biol. & Med., 77: 74, 1951.
5. Wxrs, P.: Weitere untersuchungen uber reduktionen in der bestrahlten; Arch. fur
Experimentelle Patholie und Pharmakologie, 188: 265, 1938.
6. SCHOCEEN, K.: The effect of ultraviolet radiation on sulfhydryl and disulfide contain-
ing amino acids; Science, 116: 544, 1952.
